Abstract-In this paper, we study the effects on mechanical properties of cement mortar with different types of steel fibers. The results showed that: ①Among the three kinds of cement mortars mixed with different steel fibers, the apparent density of mortar mixed with type-C was the minimum, and turned out a steady growth trend as increasing of volume ratio. ② The flexural strength of mortar mixed with steel fibers was significantly higher than OPC. When the age was 28d, the flexural strength of mortar mixed with C-type steel fiber was the maximum, showing a strong 'anchor' performance. ③ The contribution on the compressive strength of the steel fiber' type and volume ratio was small. Of the three types of mortar, the compressive strength mixed with type-B got a higher value. In the age of 28d, the compressive strength of mortar mixed with type-B got the highest value. ④The flexural properties of mortar mixed with type-C would be further improved with the increase of mortar matrix' strength. For the tensile, flexural properties of high strength concrete, improving its toughness and bending performance requires more steel fiber's content than ordinary concrete.
INTRODUCTION
Steel fiber reinforced concrete with good mechanical and durability has gotten much concern and attention of the majority of scholars and engineers. As a result, the study of steel fiber reinforced concrete has made great achievements. The steel fiber in concrete can effectively prevent the expansion of cracks inside the concrete, and improve the performance of tensile, flexural, impact and fatigue resistance. Therefore, a reasonable choice of types, incorporation rate, shape and size of steel fiber is the key to increase the mechanical and durability of steel fiber reinforced concrete [1] [2] [3] . This article produced a closedtype hook by changing the ends structure of fiber to raise the anchor role in enhancing the effect of interfacial adhesion between mortar and steel fibers. The method can give full play to the tensile properties of steel fibers to improve the mechanical properties of mortar, and provide a theoretical reference for the future application of steel fibers in concrete structures.
II. EXPERIMENTAL PROGRAM AND METHODS

A. Experimental Design
The experiment took 0% of steel fiber in ordinary cement mortar (the OPC) as the reference mortar, with 0.35 of water-cement ratio. Others were incorporated into the reference mortar with three types of steel fibers, type-A (once hook of both ends), type-B (two hook of both ends), and type-C (closed type of both ends), given in Fig .1 . The volume content of steel fiber was design as 0.5%, 1.0% and 1.5% [4] [5] [6] [7] . A group of 10 experiments were designed, and measured the apparent density of cement mortar in the plastic state and the compressive strength and flexural strength of different age in the hardened state. The mortar mix was shown in Table 1 .
B. Experimental Material
The cement used in this experiment was ordinary portland cement of Wang Qing city, Jilin province, with the density of 3115kg/m3. The steel fibers type-A and type-B were sold on the market, and type-C of improvement ends of closed were made in laboratory, with length of 50mm, and aspect ratio of 60. The International Conference on Mechatronics, Electronic, Industrial and Control Engineering (MEIC 2015) polycarboxylate superplasticizer was the production of Qing Dao city, with reduction of 25%, proportion of 1.08 ± 0.02, and solid content of 20 ± 1%. The sand used in this experiment was the production of natural sand from Yanji, Jilin Province, with density of 2650kg/m3.
C. Experimental Methods
This test used UJZ-15B-type mortar mixer. Firstly, cement and sand were stirred 120s. At the same time, steel fibers were evenly thrown into the mixer. Secondly, the mixture of water and superplasticizer was added into it, and stirred 300s. 
III. RESULTS AND DISCUSSION
A. Apparent density
As shown in Fig .2 , took the apparent density of ordinary cement mortar (OPC) as basic standards, the apparent density of cement mortar mixed with different types of steel fibers were higher than OPC, and they were as high as the content increases of steel fibers. Among them, the apparent density of the incorporation of 1.5% type-B (SF-B-1.5) was the maximum value, 2105kg/m3, followed by SF-A-1.5, 2087kg/m3, SF-C-1.5, 2070kg/m3.
B. Flexural strength
As shown in Fig .3 and Fig .4 , when the age was 3d, the flexural strength of OPC was 6.1MPa. With the different steel fibers incorporated, only the flexural strength of SF-A-0.5 was slightly less than OPC, and the others were all higher than OPC. For different steel fiber reinforced mortar, the flexural strength had a tendency to increase as the increase of steel fiber content. Among them, the flexural strength of SF-A-1.5 got the maximum value, 11.9MPa, reached 196% of OPC, followed by SF-C-1.5, 10.5MPa, SF-B-1.5, 10.2MPa. They were all higher than the early strength values. Experimental research and engineering practice shows that, for the ordinarily strength of fiber reinforced concrete, premature failure of the interfacial adhesion caused that thereby reinforcing fibers are not fully play the role and reduced the enhancement effect [1] .
When the age was 7d, the flexural strength of OPC was 6.7MPa. In addition to the flexural strength of SF-A-0.5, the rest flexural strength of mortar mixed with steel fiber was all higher than OPC. With the growth of age, compared with the flexural strength of 3d, the flexural strength of cement mortar mixed with three kinds of steel fibers was greatly improved. This is because that as the increasing strength of cement matrix, the adhesion between fibers and matrix was being gradually improved, and the flexural strength of test blocks had been greatly increased. When the age was 28d, the flexural strength of OPC was 6.7MPa, and closed to 7d. Compared with the age of 7d, the flexural strength of mortar mixed with steel fibers type-A and type-B had little change, even had a small amount of strength loss. However, compared with the age of 7d, the mortar mixed with type-C had greatly improved.
The flexural strength of SF-C-1.0 was 15.4MPa, 131.3% higher than OPC, and the flexural strength of SF- Mortar Reference Figure 6 . The relative percentages of compressive strength of cement mortar with different types of steel fiber C-1.5 was 16.9MPa, 154.0% higher than OPC. The results showed that the improving of matrix's strength had advantage to improving the flexural strength and toughness of mortar. Because it was conducive to give full play to the tensile strength of steel fiber [9] , so that the bending damage of mortar turned the phenomenon of pulling out steel fibers to the phenomenon of pulling off steel fibers.
C. Compressive strength
As shown in Fig .5 and Fig .6 , when the age was 3d, the compressive strength of OPC was 18.9MPa. The compressive strength of steel fiber reinforced mortar was greater than OPC, and the compressive strength of SF-B-1.5 was the maximum value, 28.3MPa, 49.7% higher than OPC. The fiber type and blended rate had little effect on the rest mortar.
When the age was 7d, the compressive strength of OPC was 30.9MPa. The compressive strength of mortar mixed with type-A and type-B at blended rate of 0.5% was closed to OPC. And with the increase of fiber content, the compressive strength was increasing. In particular, the compressive strength of SF-B-1.5 was the maximum value, 49.8MPa, 61.1% higher than OPC. The content of steel fiber had little influence on the compressive strength of mortar mixed with type-C, and the compressive strength values were about 39MPa.
When the age was 28d, the compressive strength of OPC was 43.2MPa. The compressive strength of mortar mixed with steel fibers was all higher than OPC, and showed an increasing trend as the increasing of fiber content. The compressive strength of SF-B-1.5 is 60.9MPa, 40.9% higher over OPC, followed by the SF-C-1.5, 55.2MPa, SF-C-1.0, 54.2MPa. And both compressive strength values of SF-C-1.5 and SF-C-1.0 were about 23% higher than OPC.
This experiment showed that steel fibers could improve the compressive strength of cement mortar, and the steel fibers of type-B at blended rate of 1.5% had the greatest contribution to the compressive strength of the mortar. The strength of mortar mixed with type-C(modified in laboratory) got about 20% higher than OPC at 1.5% and 1.0%.
IV. CONCLUSION
This paper study the impacts of the steel fibers' ends structure and volume ratio on the mechanical properties of cement mortar, and the results showed that:
(1) Among the three kinds of cement mortars mixed with different steel fibers, the apparent density of mortar mixed with type-C was the minimum, and turned out a steady growth trend as increasing of volume ratio.
(2) The flexural strength of cement mortar mixed with steel fibers was significantly higher than OPC. In the early, the type of steel fibers had little effect on the flexural strength, and the volume ratio played a major role on it. When the age was 28d, the flexural strength of mortar mixed with type-C got the maximum. Its flexural strength got 83.1% higher than the same volume fraction of type-A, and 43.6% higher than type-B, showing a strong "anchor" performance.
(3) The contribution on the compressive strength of the steel fiber' type and volume ratio was small. Of the three types of mortar, the compressive strength mixed with type-B got a higher value. In the age of 28d, the compressive strength of mortar mixed with type-B got the highest value, 60.9MPa, 40.9% over the same age of OPC at blended rate of 1.5%.
(4) Based on the above content, the flexural properties of mortar mixed with type-C would be further improved with the increase of mortar matrix' strength. For the tensile, flexural properties of high strength concrete, improving its toughness and bending performance requires more steel fiber's content than ordinary concrete [9] [10] .
